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There are a lot of experimental results concerning the effect of 
stress, elastic and plastic deformation and dislocation structure on the 
magnetic properties of ferromagnetic material. Atherton et al. measured 
stress induced changes in the magnetization of steel pipesl. Schroeder 
et al. studied domain arrangement in plastically deformed iron single 
crystals2. Hayashi et al. found that the application of an oscillating 
magnetic field during tensile testing reduced the flow stress of nickel3. 
Jiles and Atherton4,5 reported changes in magnetization during one stress 
cycle as a function of an external magnetic field. They have also 
reported a theory that describes ferromagnetic hysteresis and the effect 
of stress on magnetization. This theory is based on the Langevins theory 
of paramagnetism. Jiles and Atherton4 have experimentally shown that the 
modified Langevins equation gives the change in magnetization as a 
function of the applied magnetic field. 
Previously we have reported that by measuring the changes in 
magnetization during cyclic loading of polycrystalline iron it is 
possible to get information about the fatigue process occurring during 
loading6. We have shown experimentally that workhardening, worksoftening 
and fatigue limit can be measured with this technique. We have supposed 
that these phenomena in magnetization can be attributed to changes in 
microstructure i.e. in dislocation arrangements and internal stresses 
occurring during cyclic loading. Based on the present observations we 
can say that there is a strong interaction between the dislocation and 
the domain walls during cyclic loading of ferromagnetic material. Also a 
magnetic field seems to have a strong influence on the dislocation 
arrangements formed during cyclic loading of ferromagnetic material. 
EXPERIMENTAL 
We investigated changes in magnetization and in dislocation 
arrangements in cyclically deformed iron and nickel. Test specimens were 
loaded with sinusoidally varying·axial stress with a frequency of 25Hz. 
During loading the test specimens were magnetized with a constant 
magnetic field with aU-shaped magnetizing core. The changes in 
magnetization during loading were detected by a measuring coil around the 
test specimen. The peak values of the changes in magnetization were 
measured as a function of the stress amplitude and applied magnetic field 
strength. The amplitude spectrum of the voltage induced in the measuring 
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coil during loading was studied with fast Fourier transformation. The 
amplitude of the high frequency components of the voltage induced in the 
measuring coil was measured as a function of the number of load cycles. 
Dislocation arrangements formed during cyclic loading were studied by 
transmission electron microscopy. 
RESULTS AND DISCUSSION 
Fig. la illustrates the voltage UB induced in the measuring coil 
during sinusoidally varying stress and Fig. lb illustrates the 
corresponding change in the magnetic flux density. The test material is 
polycrystalline nickel. The constant magnetic field strength during the 
measurement of the curves was 0.9 kA/m corresponding approximately to the 
knee point of the magnetization curve of the test material. The stress 
amplitude was 100 MPa. As shown in Figs. la and b both voltage UB and 
flux density B changes regularly during several stress cycles. The peak 
values of the voltage uB and magnetization are approximately the same 
during compression and tension cycles. In iron the change in 
magnetization during a compression cycle was found to be higher than that 
during a tension cycle /6/. When ferromagnetic material is loaded 
cyclically there occur two different kinds of change in its 
magnetization. At the beginning of the stress cycling magnetization 
changes both irreversibly and reversibly. During irreversible change 
magnetization reaches the anhysteretic state. This change always occurs 
in the same direction independently of the sign of the stress. The 
curves in Fig. 1 illustrate reversible change. As shown there the 
direction of reversible change depends on the sign of the stress. 
a) 
b) 
Fig. 1. 
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Changes in magnetization during sinusoidally varying stress, 
a) voltage UB induced in the measuring coil, 
b) corresponding change in the flux density. 
Test material polycrystalline nickel. 
Fig. 2 shows the peak values of the change in magnetization B as a 
function of magnetic field strength at several stress amplitudes. In 
iron and in nickel the change in flux density during cyclic loading is 
approximately zero as the magnetic field strength is zero. As H 
increases the change in the flux density increases and reaches its 
maximum at a certain field strength. This field strength in both test 
materials is a little below the knee point of the hysteresis curve. In 
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Fig. 2. Peak values of magnetic flux density as a function of magnetic 
field strength, a) and b) iron, c) and d) nickel. 
iron the change in flux density decreases rapidly as magnetization 
reaches the saturation state. In nickel the change in flux density even 
in magnetic saturation is high. This difference can be supposed to be 
caused by the fact that the crystal anisotropy energy in iron is much 
higher than that in nickel. In magnetic saturation the number and 
density of domain walls is low and the changes in magnetization can only 
occur as a result of the rotation of individual magnetization vectors 
away from the easy magnetization directions. Because the 
magnetocrystalline anisotropy energy is low in nickel the stress induced 
changes in magnetization can occur much more easily in nickel than in 
iron. 
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Amplitude spectrum of voltage UB induced in measuring coil 
during cyclic stressing of polycrystalline nickel, a) number of 
stress cycles 500, b) number of stress cycles 30 000. 
Fig. 3 presents the amplitude spectra of voltage UB induced during 
cyclic stressing of polycrystalline nickel at a stress amplitude of 100 
MPa. The stress amplitude of 100 MPa is above the fatigue limit and thus 
high enough for changes to occur in the microstructure of the test 
specimen. The magnetic field strength is 0.45 kA/m corresponding to 
about half the saturation flux density. The spectrum in Fig. 3a is 
measured after 500 stress cycles. The spectrum is a typical discrete 
spectrum with a fundamental frequency of 25 Hz, which is the same as the 
loading frequency. The discrete spectrum consists of numerous odd and 
even harmonic frequency components. The spectrum in Fig. 3b is measured 
from the same nickel test specimen as that in Fig. 3a. The number of 
stress cycles in this case is 3*104. As shown in the spectrum, the 
amplitude of the high frequency components has increased during cyclic 
loading. The change in the spectrum measured during cyclic loading of 
nickel is much higher than that in iron reported earlier /6/. 
Fig. 4 shows how the high frequency components change during cyclic 
loading of polycrystalline nickel. In these tests we have used the 
constant total axial strain amplitude fatigue test7. The BM value, 
effective value, of the frequency components with a frequency higher than 
400 Hz is plotted as a function of the number of stress cycles at three 
strain amplitudes. As the figure shows, the BM value is low at the 
beginning of loading, increases rapidly during stress cycles 1000-10000, 
reaches a maximum and then slows down before fracture. As shown in the 
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a) Effective value BM of the high frequency components of 
voltage UB as a function of the number of load cycles, 
b) Corresponding workhardening curves. Test material 
polycrystalline nickel7 .. 
picture the curves measured magnetically are more informative than the 
corresponding workhardening curves measured simultaneously shown in Fig. 
4b. We can suppose that the initial increase in the magnetic curves is 
caused by workhardening and the decrease is caused by worksoftening. In 
workhardening curves no worksoftening is visible. 
Fig. Sa illustrates the dislocation arrangement in iron loaded in a 
demagnetic state at a constant stress amplitude of 135 MPa for 3.5*106 
cycles. The fatigue limit of the test material used was 125 MPa. The 
dislocation arrangement in specimens loaded in a magnetic field was found 
to differ from that in specimens loaded in a demagnetic state. Fig. Sb 
illustrates the dislocation arrangements formed in test material loaded 
in a magnetic field of 1.5 KA/m. The stress amplitude used was 130 MPa. 
A feature common to all specimens loaded in a magnetic field of 1.5 kA/m 
is that the dislocation arrangement consists of dislocation bundles, 
cells and a few tangles. The number of bundles was found to increase as 
a function of applied stress amplitude. In addition to this structure 
the areas between the bundles are full of small dislocation loops. The 
bundle dislocation arrangements found in this study resemble the 
dislocation arrangements reported by Wilson et al.Y,lO in low carbon 
polycrystalline iron cycled at elevated temperatures. In some areas the 
structure between the dislocation bundles in iron stressed in a magnetic 
field resembled the carbide precipitations reported by Wilsong,10 formed 
in iron during cyclic stressing at elevated temperatures. 
In general we can say that the dislocation arrangements formed 
during cyclic stressing of iron under the influence of a magnetic field 
partly resemble the dislocation arrangements formed during cyclic 
stressing of iron at elevated temperatures. Our tests were made at room 
temperature. During cyclic stressing the goo domain walls move. At the 
frequency of 25 Hz the heating effect of the micro eddy currents 
attributed to the moving goo domain wilis is negligible. Thus we can 
suppose that the temperature of the test specimens does not increase 
because of the application of a constant magnetic field. We suppose that 
the dislocation arrangement shown in Fig. Sb is influenced by the 
interaction of moving domain walls and dislocations rather than the 
increase of the temperature of the test specimen. It is well known that 
there is a strong interaction between dislocations and domain walls. 
Hayashi et al.3 found that by applying an alternating magnetic field the 
flow stress of nickel single crystals can be lowered by about 15%. They 
interpreted this phenomenon in terms of the concept that oscillating 
magnetic domain walls give force to dislocations. Similarly the stress 
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Fig. 5. Dislocation arrangements in polycrystalline iron formed during 
cyclic loading. 
a) stress amplitude 135 MPa, number of stress cycles 3*106, 
specimen in demagnetized state during loading, 
b) stress amplitude 130 MPa, number of stress cycles 2.69*106, 
magnetic field strength was 1.5 kA/m. 
induced movement of domain walls during cyclic stressing can give 
additional energy for dislocations to move, multiply and to form 
dislocation arrangements such as the dislocation bundles and dislocation 
loops shown in Fig. 5b. 
CONCLUSION 
During sinusoidally varying stress the magnetic flux density in 
polycrystalline nickel and iron varies regularly over several stress 
cycles. The peak values of the changes in flux density during cyclic 
stressing are a function of constant magnetic field strength. At 
magnetic saturation the peak values of the changes in magnetization are 
higher in nickel than in iron. The amplitude spectrum of voltage uB 
induced i the measuring coil during cyclic stressing of polycrystalline 
nickel is a discrete spectrum consisting of the fundamental frequency and 
several odd and even harmonic components. The fundamental frequency is 
the same as the loading frequency. The amplitude of the high frequency 
components (f>400 Hz) is a function of the number of stress cycles. A 
magnetic field seems to have a strong effect on the dislocation 
arrangements formed during cyclic loading. The dislocation arrangements 
formed in the demagnetized state consist of single isolated dislocations 
and loose dislocation tangles. The dislocation structure formed under 
the influence of a magnetic field consists of dense dislocation bundles 
and dislocation loops . 
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